The electromigration behavior of the high-lead and eutectic SnPb composite solder bumps was investigated at 150°C with 5 × 10 3 A/cm 2 current stressing for up to 1711 h. The diameter of the bumps was about 125 m. The underbump metallization (UBM) on the chip side was sputtered Al/Ni(V)/Cu thin films, and the Cu pad on the board side was plated with electroless Ni/Au. It was observed that damages occurred in the joints in a downward electron flow (from chip side to the substrate side), while those joints having the opposite current polarity showed only minor changes. In the case of downward electron flow, electromigration damages were observed in the UBM and solder bumps. The vanadium in Ni(V) layer was broken under current stressing of 1711 h while it was still intact after current stressing of 1000 h. The electron probe microanalyzer (EPMA) elemental mapping clearly shows that the Al atoms in the trace migrated through the UBM into the solder bump during current stressing. Voids were found in the solder bump near the UBM/solder interface. The Sn-rich phases of the solder bumps showed gradual streaking and reorientation upon current stressing. This resulted in the formation of uniaxial Sn-rich phases in the middle of the solder bump, while the columnar and fibrous Sn-rich phases were formed in the surrounding regions. The formation mechanism of electromigration-induced damage to the UBM structure and solder bump were discussed.
The electromigration behavior of the high-lead and eutectic SnPb composite solder bumps was investigated at 150°C with 5 × 10 3 A/cm 2 current stressing for up to 1711 h. The diameter of the bumps was about 125 m. The underbump metallization (UBM) on the chip side was sputtered Al/Ni(V)/Cu thin films, and the Cu pad on the board side was plated with electroless Ni/Au. It was observed that damages occurred in the joints in a downward electron flow (from chip side to the substrate side), while those joints having the opposite current polarity showed only minor changes. In the case of downward electron flow, electromigration damages were observed in the UBM and solder bumps. The vanadium in Ni(V) layer was broken under current stressing of 1711 h while it was still intact after current stressing of 1000 h. The electron probe microanalyzer (EPMA) elemental mapping clearly shows that the Al atoms in the trace migrated through the UBM into the solder bump during current stressing. Voids were found in the solder bump near the UBM/solder interface. The Sn-rich phases of the solder bumps showed gradual streaking and reorientation upon current stressing. This resulted in the formation of uniaxial Sn-rich phases in the middle of the solder bump, while the columnar and fibrous Sn-rich phases were formed in the surrounding regions. The formation mechanism of electromigration-induced damage to the UBM structure and solder bump were discussed.
I. INTRODUCTION
As the solder bump size on flip chip package continues to decrease, the current density which passes through the contact area of a solder bump increases very rapidly. As indicated in the International Technology Roadmap for Semiconductors, the current density per bump for midrange to high-performance ICs is about 2500 A/cm 2 , i.e., 100 m bump with 0.2 A within 1-2 years. 1 However, the dimension of the solder bump is expected to approach 50 m within 1-2 years, in which the current density may be as high as 10 4 A/cm 2 . At high current densities, the momentum transfer between electrons and metal atoms of the solder becomes important. It results in a net mass transport along the direction of the electron movement. The mass transfer results in the formation of voids on cathode side and hillocks formed on anode side. 2 The voids decrease the cross-sectional area of the metal contact which increases the local current density and the local resistance. Under this circumstance, electromigration can lead to the electrical failure of bumps in relatively short time instead of failures like bump crack or delamination under thermal-mechanical stress.
In recent years, the high-lead and eutectic SnPb composite solder bumps are widely used in flip chip packaging, microprocessor packaging, and flip-chip ball grid array packaging technologies. [2] [3] [4] In contrast to the use of high-lead solder on ceramic substrate, the use of highlead and eutectic SnPb composite solder bump on organic substrate could effectively lower the cost. Furthermore, as the dimension of the bump miniaturization and the need of power increases, electromigration in highlead and eutectic SnPb composite solder will become an important issue. Numerous studies on electromigration of SnPb solder bump have been addressed. [5] [6] [7] [8] [9] However, there are very few reports in the literature on investigation of electromigration in high-lead and eutectic SnPb composite solder bump. 10 In this work, electromigration behavior of the composite 5Sn-95Pb/eutectic SnPb solder bump in a flip chip package under high temperature was studied. Test samples were stressed with different electron flow directions under high temperature to investigate microstructural change and failure mechanism. The polarity effect of electromigration on intermetallic compound (IMC) formation was also investigated.
II. EXPERIMENTAL PROCEDURE
The typical flip chip solder bump set used for electromigration testing is schematically illustrated in Fig. 1 . The opening diameter of the dielectric passivation was 90 m. The solder bumps joint the test chip to a Bismaleimide triazine (BT) substrate. The 5Sn-95Pb solder on the test chip was stencil printed onto the sputtered Al/ Ni(V)/Cu UBM and reflowed at 350°C. The thicknesses of the various deposits were 0.4 m Al, 0.3 m Ni(V), and 0.8 m Cu. In the schematic diagram, the Al is a bilayer structure. The bottom Al layer (Al trace) is chip pad metallization, and the top Al layer is part of the UBM. On the board side, eutectic 37Pb-63Sn solder paste was stencil printed on the BT substrate with electroless Ni (5 m)/Au (0.05 m) surface finished. To join 5Sn-95Pb solder flip chips to organic substrate, the use of low-melting alloys is needed, such as 63Sn-37Pb with a melting temperature of 183°C. During the assembly process (∼220°C), the 5Sn-95Pb solder does not melt. Instead, the eutectic SnPb solder was flowing up the sides to form the joint with a reaction zone intermediate in composition to the two initial solder masses.
During the electromigration test, the flip chip packages were placed in an oven at a temperature of 150°C. The temperature of the solder joint was not measured. The applied direct (dc) current was 0.32 A, and the average current density at the 90 m diameter contact opening was 5 × 10 3 A/cm 2 . As indicated in Fig. 1 , the solder bumps were electrically connected by an Al trace on the Si chip, while a Cu line was used on the BT board side. The Al traces have a width of 50 m and thickness of 2 m. Electrons entered through the cathode on the lower right-hand side of the substrate, went up the bump from the right-hand side, passed through the Al trace on the Si chip, went down the bump on the left-hand side, and exited through the anode on the lower left-hand side of the substrate. A computerized data-acquisition system was used to record the in situ electrical voltage history. The damage evolution of UBM/solder system was obtained by real-time resistance change of the bump circuit. Resistance change was monitored every 10 s during current stressing.
To investigate the electromigration damage, the solder bumps were cross-sectioned before the electromigration test [ Fig. 2(a) ]. After current stressing, some of the flipchip solder bumps were cross-sectioned and polished to reveal the interface and the internal microstructure of the solder bumps [Figs. 2(b) and 2(c)]. A scanning electron microscope (SEM) was used to examine the morphology and composition in the bulk of the solder bump. Energy dispersive spectroscopy (EDS) and electron probe microanalyzer (EPMA) were used to determine the composition of IMCs at the UBM/solder and solder/substrate interfaces.
III. RESULTS
A. Effect of current stressing on microstructure of high-lead and eutectic SnPb composite solder bump phases was clearly observed after current stressing of 1000 h. The Pb-rich phases migrated to the bottom of the bump while the Sn-rich phases moved to the central area of the bump. It is believed that the phase separation was due to the different diffusivity of Sn and Pb. 11 The grainboundary diffusion coefficient of 203 Pb in 5Sn-95Pb is 5.1 × 10 −9 cm 3 /s and Sn in 5Sn-95Pb is 2.1 × 10 −7 cm 3 /s. Meanwhile, the grain-boundary diffusion coefficient of 203 Pb in eutectic SnPb is 7 × 10 −6 cm 3 /s and Sn in eutectic SnPb is 7 × 10 −4 cm 3 /s. 11 The tracer diffusion experiment conducted by Gupta et al. 11 show that 210 Pb diffused faster than 113 Sn in eutectic solder due to the change in the microstructure during annealing at 151°C. In other words, Pb atoms diffuse faster than Sn atoms, and Pb is the dominant diffusing species at high temperature (150°C). Therefore, Pb-rich phases will migrate and accumulate at the anode with the downward electron flow. The results of EPMA analysis indicated that the content of Sn in the Sn-rich phase is about 98.68-99.29 wt% after current stressing of 1000 h, while it is about 97.84-98.27 wt% before current stressing, shown Fig. 2(c) would become equiaxial Sn-phases under high temperature annealing. However, the distribution of equiaxial Sn-phases could not appear in the longitudinal fibrous shape and alignment in the same direction in the whole bump under high-temperature annealing. The authors suppose that the "electrical force" on the orientation of Sn-rich phases plays an important role and could not be ignored in this study. It is also noteworthy from Fig. 2 (c) that the current stressing up to 1711 h further gives rise to longitudinal fibrous Sn-rich phases in the right hand regions. The fibrous Sn-rich phase seems to orient toward the upper left corner. The fibrous structure also appeared in an SEM image as reported earlier but was not discussed therein. 10 Meanwhile, the middle region of the solder bump consists of uniaxial Sn-rich structure.
B. Failure in the solder joint during current stressing
To have a direct observation of electromigration failure in the solder joint, the electron flow passed from the Al/Ni(V)/Cu UBM side to the substrate side in the left bump of Fig. 1 . The right bump of Fig. 1 has electron flow from the substrate side to the Al/Ni(V)/Cu UBM side.
Figure 3(a) shows that some of the thin Ni(V) layer, as circled, completely reacted with Sn in the solder bump after 1000 h current stressing when the electrons flowed downward. It is noted that the Cu-Ni-Sn ternary compound formed between the high-lead and eutectic SnPb composite solder and the UBM interface after current stressing of 1000 h at 150°C. The EDX results show that the content of Ni in this ternary phase is about 31-34 wt%. The EPMA elemental mapping [ Fig. 4(a) ] clearly shows that Cu-Sn IMC formed at the solder/UBM interface and Ni partly dissolved into the Cu-Sn IMC. This indicates that the Cu layer in the UBM completely reacted with solder to form the Cu-Sn IMC after the stencil-printed high-lead solder reflow process. Since all of the Cu layer in the thin UBM completely reacted with Sn to form the Cu-Sn IMC, the first interface was actually between solder and the Al/Ni(V)/Cu-Sn IMC. Therefore, it is reasonable to have further reaction between Ni(V) and Sn. In addition, the elemental mapping of Ni showed a roughly straight line. However, the red areas in the Ni mapping showed high content of Ni and they presented a discontinuous shape. In Fig. 4(a) , the shape of Ni is a good match with Cu and Sn. It means Ni dissolved into the Cu-Sn IMC and formed Cu-Ni-Sn ternary compound. In the downward electron flow case, the Ni(V) UBM could be easily dissolved into the Cu-Sn IMC. With the increase of current stressing, the Ni(V) layer will be consumed. The elemental distribution across the joint interface was quantitatively measured with electron probe microanalyzer with the aid of a ZAF program. The ratio of (Cu + Ni) to Sn for Cu-Sn/Ni reaction product was close to 6:5. Therefore, the interfacial reaction product could be considered (Cu 1−x ,Ni x ) 6 Sn 5 IMC. In spite of the Cu-Ni-Sn ternary compound formed at the interface, the electromigration resistance from the resistance history shows that it remains comparable to the initial resistance (∼0.16 ⍀). This finding indicates that the formation of intermetallic compound would not affect the electromigration resistance.
By EPMA analysis, it is noteworthy that the vanadium in Ni(V) layer in the UBM was still intact after 1000 h current stressing at 150°C, as shown in Fig. 4(a) . Vanadium does not react with Cu, Ni, or Sn. There is no obvious electromigration damage in the vanadium layer and it can be regarded as an atomic flux divergence plane. Generally, the electromigration-induced mass flux is directly proportional to the current density, the diffusion coefficient, and the concentration of diffusing atoms. 12 If more mass is leaving than arriving, it will form voids and open circuits. If more mass is entering than leaving, extrusions will form short circuits or breaks in the passivation. These regions are called flux divergences. In other words, without mass flux divergence, no electromigration damage occurs in interconnects when fluxes of atoms and vacancies can pass through it. Here, the atomic flux divergence plane means diffusion barrier layer [Ni(V) layer]. Figure 3(b) shows that Ni in the Ni(V) layer is partially consumed by IMC growth at 1300 h. Although partially consumed by Cu-Ni-Sn IMC growth, the UBM was still intact after 1300 h current stressing at 150°C. However, it is clear that some voids were formed at the Al trace. The voids tend to initiate at the current crowding area and block the original electrical path. Meanwhile, the voids could extend to new current crowding region and grow. This will increase the current density higher. 13 After 1711 h of current stressing with electron flow from the chip side to the substrate side, the failure of bump occurred at the solder/IMC interface, especially the upper left region (Fig. 2) , which is the current crowding area. The formation and propagation of the void from right side to the left side shifted the current to the front of the void; it reduced the effect contact area and made the current density higher. Severe voids are observed at the solder/UBM interface (which is the cathode) as expected since the direction of electron flow is from the Al/Ni(V)/ Cu UBM to substrate. The interface on cathode side was further analyzed with EPMA, as shown in Fig. 4(b) . It is surprising that the EPMA elemental mapping clearly showed damage in the vanadium layer after 1711 h of current stressing. The vanadium in the Ni(V) layer seems to be extruded and then broken. In addition, Al spreads within the solder. It means that electromigration will drive the Al away from the Al trace and stuff into the solder bump.
In Fig. 3(a) , the Ni in the Ni(V) layer was partially dissolved into the Cu-Sn compound when electrons flowed downward. It means that the Ni(V) in the UBM begins to lose structural integrity gradually. In Fig. 3(b) , it is obvious that more of the Ni in the Ni(V) layer dissolved into the Cu-Sn IMC. With the downward electron flow, however, some of the voids were formed at the Al trace after current stressing of 1300 h. The authors propose that the breaking of vanadium in Ni(V) observed here is due to the current crowding in the solder bump. When the Ni in the Ni(V) layer was consumed completely, the vanadium in the Ni(V) could not endure the Al flux from Al trace (3.2 × 10 5 A/cm 2 ) to solder bump (5 × 10 3 A/cm 2 ). Thus, the vanadium in the Ni(V) layer observed here seems to be extruded and broken. The authors believed that the driving force could be the consumption of the Ni in the Ni(V) layer. In other words, the structure integrity of Ni(V) layer is the key issue in this study. To investigate the polarity effect, the bump with electrons flow from the substrate side to the UBM side was also examined. As shown in Fig. 3(c) , the Ni(V) layer remains intact after 1000 h current stressing when the electrons flow upward. It implies that no obvious electromigration damage occurs. This may be attributed to the relatively low current density from the substrate side to the chip side.
IV. DISCUSSION

A. Damage of UBM layer caused by electromigration
The multilayer UBM on the chip-side consists of 0.4 m Al/0.3 m Ni(V)/0.8 m Cu. The structural integrity of thin-film multilayer UBM/bump interface is the key issue of flip chip reliability. To understand the phase transformation at the solder/UBM interface is very important. The authors believed that the consumption of Cu was due to the reaction at the interface between Cu and Sn during the stencil-printed high-lead reflow process. The IMC formed at the 5Sn-95Pb solder/UBM interface after bumping process is Cu 3 Sn.
14 For the transformation of Cu 3 Sn to Cu 6 Sn 5 , 2Cu 3 Sn + 3Sn → Cu 6 Sn 5 . The transformation requires a supply of Sn from the pre-solder (eutectic SnPb) and their reaction with Cu 3 Sn to form Cu 6 Sn 5 . Therefore, the first interface was actually between the solder and the Al/Ni(V)/Cu 6 Sn 5 IMC. It is reasonable to have further reaction between Ni(V) and Sn. However, the Cu-Ni-Sn ternary IMC was formed at the solder/UBM interface after current stressing for 1000 h. It means that Cu 6 Sn 5 transformed into Cu-Ni-Sn ternary IMC at the solder/UBM interface. It was reported that the Cu 3 Sn is a layer-type IMC while Cu 6 Sn 5 is a scallop-type IMC. 15, 16 The channels between Cu 6 Sn 5 IMC grains (scallops) could be providing a fast diffusion path for Sn to contact with the Ni(V) UBM. From the binary phase diagrams, 17 Cu and Ni form a continuous solid solution and they tend to alloy together. The Ni in the Ni(V) layer tends to precipitate with Cu to form the ternary (Cu,Ni) 6 Sn 5 ternary phase at the Cu-Sn IMC/ Ni(V) UBM interface because Ni occupied some of the sublattice sites of Cu in the Cu 6 Sn 5 crystal structure. [18] [19] [20] [21] The downward electron flow may assist the diffusion of Ni in Ni(V) UBM compared to the upward electron flow [ Figs. 3(a) and 3(c) ]. The authors believed that the upward electron flow outbalances diffusion in the overall diffusion process during current stressing. Nevertheless, the multilayer UBM has been shown to be stable against high temperature aging (150°C) 14 but failed under high current stressing. Figure 4 (a) shows the EPMA elemental mapping of the upper left corner of the solder/UBM interface. It clearly shows that Al did not migrate up to 1000 h of current stressing. Although Cu-Ni-Sn IMC was formed at that time, the Ni in Ni(V) layer was not consumed completely by the formation of Cu-Ni-Sn IMC. Thus, the barrier function of Ni still existed. That is why Al did not migrate up to 1000 h of current stressing. However, some of the Al atoms migrate to solder and the Al trace disappears after 1711 h, as shown in Fig. 4(b) . Furthermore, it is the region where there was a very large current density change (from 3.2 × 10 5 A/cm 2 in the Al trace to 5 × 10 3 A/cm 2 in the bump) at the contact between the bump and the trace since the same current is passing between them. The lattice diffusivity of Al under the current density of 3.2 × 10 5 A/cm 2 at 150°C is much higher than Cu and Ni, and it can accelerate the void formation and current crowding effect. 22 The authors propose that Al atoms leave the Al trace. It could form voids. When a void is formed, as shown in Fig. 3(b) , it blocks the original electrical path and consequently reduces the effective contact area. This will make the current density even higher.
From the point of view of thermomigration, heat is generated due to joule heating during current stressing. The joule heating from the Al trace maintains a thermal gradient within the solder bump, which depends on the magnitude of current density. It was reported that thermomigration would start in the solder bump with the existence of the thermal gradient. 23 In this study, it is considered that thermomigration may assist electromigration with the downward flow of electrons. However, thermomigration may counter electromigration if the direction of electron flow is upward. Unfortunately, it is hard to observe the thermomigration in this study due to the lower current density (5 × 10 3 A/cm 2 ) compared to the higher current density in the literature. 9 A possible failure mechanism of the UBM by electromigration is illustrated in Fig. 5 . As shown in Figure 5(a) , the Cu layer in the UBM completely reacted with solder during the stencil-printed high-lead reflow process. The current stressing results in reaction between Ni and Sn. Because the solubility of Ni in Sn is small 24 and the electrons flow downward, Ni tends to precipitate to form the ternary Cu-Ni-Sn phase at the IMC/UBM interface, as shown in Fig. 5(b) . The atomic diffusivity of Al in the trace is much faster than it is in the Cu-Ni-Sn ternary phase. It is possible that voids are formed at the Al trace with downward electron flow, as shown in Fig. 5(c) . Then, we propose that the Al migration was initiated from the left corner of the solder bump, where the electron flow enters the bump. The Al extended along the path of electron flow into the solder bump, as shown in Fig. 5(d) . In other words, the Al atoms in the trace will drift into the solder bump. In addition, it could block the original electrical path when the voids are formed at the Al trace. The voids could extend to new current crowding region. This will increase the current density so it is higher than that in the middle of the bump. Thus, the high current density in the Al trace might cause local joule heating, which might result in a temperature gradient that enhances atomic diffusion and flux divergence. It is believed that the temperature rise after 1000 h starts giving rise to the drift of Al through the UBM layer. The temperature rise after 1000 h is attributed to the formation of voids at Al trace, as shown in Fig. 3(b) . The drift of Al causes the leakage in the vanadium layer. On the basis of this mechanism, it seems that the combination of Al trace and a thin-film UBM system is inadequate for resisting the electromigration.
B. Electrical-induced reorientation of Sn-rich phases in high-lead and eutectic SnPb composite solder bump
The phenomenon of redistribution and reorientation of Sn-rich phases is believed to be due to the variation in spatial distribution of current flow. The electron flow and thus the collision of electrons with metal atoms result in electromigration of Sn and Pb atoms in the solder. The flux of metal atoms (J) due to electromigration can be expressed by the Nernst-Einstein equation
where C is the atomic density, D is the diffusion coefficient for the appropriate mass transport mechanism, Z* is an effective valence of the diffusing species, e is the charge of an electron, K is the Boltzmann constant, T is the absolute temperature, is the resistivity, and j is the current density. This equation indicates that the magnitude of the electromigration force was directly proportional to the current density. It was reported that Pb in a 63Sn-37Pb solder preferentially moved toward the anode. 11 The preferential migration of Pb causes the catastrophic voids at the cathode/ solder interface. Meanwhile, in the present high-lead and eutectic SnPb composite solder bump, the Sn-rich phases are found to migrate from the surroundings of the bump toward the bulk. The long current stressing time gave rise to longitudinal columnar or fibrous Sn-rich phases surrounding the surface of the bump. A close look at these Sn-rich phases further indicates that the longitudinal phases orient toward the upper left corner where the electrons flow into the bump, as can be seen in Fig. 6 . The ␤-Sn grains were reported to reorient to reduce the strain energy of a Sn bulk upon electrical current flow. 25 The behavior of the restructuring of Sn-rich phase and the aligning of Sn-rich phases after current flow Fig. 2(c) .
flow pattern is sketched in Fig. 7 . However, it is a different result compared to the finite element analysis in Fig. 2(d) . As shown in Fig. 2(d) , the electron flow is actually concentrated at the upper-right corner of the contact window, but the fibrous Sn-rich phase seems to orient toward the upper-left corner. The mechanism of Snrich phase re-orientation and alignment in the composite solder is still an open question. To have a much clearer understanding of Sn-rich behavior due to electromigration, the authors propose to use the concept of current distribution on a plane electrode. The current density is higher on both sides of the electrode than in the middle region. The higher current density implies the higher electrical force. Therefore, the region with fibrous Sn-rich phases corresponds to a greater current density area, longer arrows, than the uniaxial region. This is why the longitudinal fibrous Sn-rich phases in the right hand region.
In addition, the Sn re-orientation does not follow the exact pattern of current flow near the low right corner of the solder joint. We believe that the spatial distribution of electron flow in a solder bump is more complicated than the result of finite element analysis. In simulation, it is difficult to consider the effect of current flow on grain size, grain boundary, etc. When studied, it is clear that Sn phase orientation is from upper left to lower right throughout the solder bump. Therefore, we believe that electrical force results in the longitudinal fibrous Snrich phases from upper left to lower right in the righthand region. It is difficult and insufficient to represent the electrical force in a real case. Based on the above discussion, it can be concluded that the current density was larger around the surface of a solder bump than within the central bulk region. This current flow pattern is reasonable as the electrical current tends to move along the surface of a specimen rather than through the bulk.
For comparison, the effect of counter-flow, in which electrons flow from the substrate side to the chip side after 1711 h, is shown in Fig. 8 . Pb in the eutectic SnPb solder migrates toward the chip side (anode) because Pb is the dominant diffusing species at 150°C. The accumulation of Sn-rich phase on the cathode side (herein the substrate side) and the uniaxial Sn-rich structure in the bulk of the solder bump are observed. Meanwhile, fibrous Sn-rich phases can be faintly observed in the bottom region of the solder bump as seen in the magnified SEM image (Fig. 9) . The effect of current flow pattern on the reorientation of Sn-rich phase has seldom been described before. The concept of counter flow of Sn with respect to the electron flow may need further exploration to better elucidate the behavior. In the event of small current density, for instance, when the current enters from the substrate, one may anticipate less degree of reorientation of Sn-rich phase. This behavior is observed in Fig. 8 for the current flow from substrate to die after 1711 h. Most of the Sn-rich phases become uniaxial grain and more or less uniformly distributed in the entire volume of the solder bump. Very little area (Fig. 9) , shows fibrous structure. These fibrous phases are not oriented toward a certain direction, as observed in Fig. 2(c) . ␤-Sn is a stable body-centered tetragonal crystal at temperatures above 13°C. This means that the crystal is asymmetric. Its electrical properties depend on crystal orientation. 26 For instance, the electrical resistivity was 9.9 ⍀cm in one direction, while it was 14.3 ⍀cm in another. 25 There is a difference of 20% in the elastic constants in the principal directions (C 11 ‫ס‬ 7.23 and C 33 ‫ס‬ 8.84 in units of 10 11 dyne/cm 2 ). 27 The flowing electrons that produced the electromigration force will choose the path of least resistance, causing nonuniform current densities from grain to grain. The electromigration-induced stresses in the principal directions of ␤-Sn are found to be different because of the variation in current density. The stress induced by electromigration provides a driving force for the reorientation of Sn-rich phases to lower the strain energy. The Sn grains experience a high stress and align themselves in the direction of electron flow when a high electrical current passes through the Sn-rich phase. In contrast, with the passage of low electrical current, lower stress was induced and the Sn-rich phases remained uniaxial structure.
V. CONCLUSIONS
The electromigration behaviors of high-lead and eutectic SnPb composite solder bumps in flip chip configuration were investigated at 150°C and 5 × 10 3 A/cm 2 . The downward electron flow may assist the diffusion of Ni in Ni(V) UBM against the upward electron flow. The solder bump failed at the cathode in the downward electron flow after current stressing of 1711 h, where the electron flow enters. The atomic flux of Al from the Al trace driven by electromigration leads to the failure at the cathode side of a solder bump in the downward electron flow. The Al flux induces breakage to the vanadium layer of the Ni(V)/Cu UBM after 1711 h of current stressing. In this study, the separation of Sn and Pb in the solder bump was clearer. However, the orientation of Sn-rich phases in Fig. 2(c) has never been discussed previously. No matter what the directions of electron flow, upward or downward, the small Sn-rich phases could orient to align the electrons flow pattern if the current stressing time is enough.
